Infections of humans with Echinococcus multilocularis, the causative agent of alveolar echinococcosis (AE), a zoonosis, have been described with increasing frequency in Poland since 1994. In the attempt to verify these reports, we analyzed specimens obtained from a representative group of Polish patients. Liver lesions in patients with AE that was diagnosed on the basis of results of histological and serological tests contained E. multilocularis DNA, as shown by the presence of specific microsatellite sequences and mitochondrial 12S rDNA. The same tests clearly distinguished between AE and cystic echinococcosis, which is caused by Echinococcus granulosus. These data are unequivocal proof that human infections with E. multilocularis occur in Poland.
Echinococcus multilocularis, a cestode parasite of foxes inhabiting the northern regions of Eurasia and North America, is the causative agent of alveolar echinococcosis (AE). This life-threatening disease is caused by the larva (metacestode) of E. multilocularis, which develops in the liver and forms a sponge-like mass proliferating through the tissue [1] . In some areas, AE is regarded as an emerging or reemerging disease [2] ; the major risk factors are the increasing prevalence among foxes along with rising fox populations and their spread into urban areas. In recent years, an increase in the prevalence of E. multilocularis infection among red foxes has been reported from areas in Central Europe in which AE is endemic [3] . In parallel, infections of foxes were described from areas where AE was formerly not believed to be endemic, such as northern Germany [2, 4] and Poland [5] . Because E. multilocularis occurs sympatrically with the closely related dog tapeworm Echinococcus granulosus, the causative agent of cystic echinococcosis (CE), it is possible that atypical forms of E. granulosus are mistaken for E. multilocularis metacestodes.
In Poland, 2 human AE cases were described in 1951 and 1958 [6, 7] , followed by description or diagnosis of 22 new cases during 1994-2003 [8-10; P.M., unpublished data]. This increase in the number of reported cases leaves the impression that AE is an emerging disease and could hypothetically reflect an increase in the prevalence of infection with E. multilocularis in this region. To exactly determine the causative agent of Polish AE cases, we studied a group of specimens comparatively by means of histological, serological, and DNA analysis. To this end, we developed 2 E. multilocularis-specific microsatellite markers and sequenced a fragment of mitochondrial 12S rDNA. Our results definitively prove the occurrence of autochthonous AE in humans in Poland.
MATERIALS AND METHODS
Liver biopsy specimens and serum samples. Liver specimens were obtained via surgery or fine-needle bi- opsy from parasite lesions in the livers of 9 patients. All specimens were obtained during routine diagnostic procedures or surgery. Biopsy specimens destined for DNA extraction [11] were stored in 70% ethanol or frozen at Ϫ20ЊC. DNA isolated from human blood was used as the negative control, and DNA of adult E. multilocularis served as the positive control. Serum samples obtained from these 9 patients and control serum samples obtained from 10 healthy Polish volunteers were stored at Ϫ20ЊC until testing. Samples for histological studies were fixed in 10% buffered formalin and processed with routine techniques, and all specimens were stained with hematoxylin-eosin, periodic acidSchiff (PAS) reagent, and Molecular examinations. A genomic DNA library of E. multilocularis protoscoleces was produced with DNA that had been digested with SauIIIa and cloned into a l phage vector (Lambda Zap II; Stratagene). Screening of the library with a mixture of commercially obtained, DIG-labeled simple tandem repeat (STR) oligonucleotide probes (Roth), composed of (GT) 6 , (GA) 6 , and (GGT) 5 , yielded 2 clones with microsatellite loci containing the STR sequence embedded in flanking sequences (GenBank accession nos. AF492848 and AF492849). 6 [CCA] 5 ) is composed of different di-and trinucleotides. Primers based on the flanking sequences allowed the PCR amplification (Biotools DNA polymerase; Biotools B&M Labs) of E. multilocularis but not of E. granulosus microsatellite loci, whereas human genomic DNA used as a control did not yield signals. The following primers were used: EmCA90 (forward, 5 -ATCACCTTCCCATTCCTAAGCCGTG-3 ; reverse, 5 -ACTGCATGCTCATGCTGCGTCCATGGG-3 ) and EmTriple83 (forward, 5 -TACACTGCTTTGCCATCCGC-AAGCC-3 ; reverse, 5 -TGAGGTAGTGTTGCAGATGGCG-3 ). A fragment of mitochondrial 12S rDNA was amplified by PCR (AmpliTaq Gold polymerase; Applied Biosystems) from human genomic DNA using the cestode-specific primers 60 (forward, TTAAGATATATGTGGTACAGGATTAGATACCC) and 375 (reverse, 5 -AACCGAGGGTGACGGGCGGTGTGTACC-3 ). PCR conditions are listed in table 1.
For all PCR reactions, 2 mL of genomic DNA was added to the reaction mixtures, which consisted of 5 mL of PCR buffer (10ϫ concentrated without MgCl 2 for Biotools polymerase or with MgCl 2 for AmpliTaq Gold polymerase), 2 mL of MgCl 2 (50 mmol/L-only with Biotools polymerase), 5 mL of deoxyribonucleoside triphosphate (dNTP) (concentration of each dNTP, 2.5 mmol/L), 2 mL of each primer (10 mmol/L), and 30.75 mL of water for Biotools polymerase (33.75 mL for AmpliTaq Gold polymerase). The mixture was supplemented with 1.25 mL (1 U) of Biotools DNA polymerase or mL p 1 0.25 mL (1 U) of AmpliTaq Gold polymerase. PCR mL p 5 products were separated by electrophoresis in 2% agarose gels (for products obtained with primers 60/375) or 2.5% agarose gels (for products obtained with Triple and CA90 primers), using 1ϫ Tris-borate-EDTA running buffer at a field strength of 8 V/cm, were visualized on an ultraviolet transilluminator, and were photographed (MP-4 Land Camera; Polaroid). The sizes of the PCR products were compared with DNA fragments with the following lengths: 501/489, 404, 331, 242, 190, 147, 111/110, 67, 34/34 bp (pUC19 DNA/MspI Marker, 23; MBI Fermentas). PCR products were analyzed using standard pro- cedures and were sequenced with an automated AbiPrism 310 sequencer (Applied Biosystems).
RESULTS

Morphological analysis of metacestodes.
Histological examination of liver biopsy specimens from 9 patients with echinococcosis revealed that 6 showed the typical clinical picture associated with AE (the AE group), whereas 3 showed a picture associated with CE (the CE group) (table 2). In the AE group, the liver tissue was partly replaced by metacestodes of E. multilocularis, which consisted of multiple small, thin-walled, fluidfilled cysts with a laminated layer that was stained by PAS and surrounded by dense fibrotic connective tissue. These alveolar cysts, all of which were void of protoscoleces, were in close contact with fibrotic tissue that lacked any granular zone or epithelial layer. In patient 4, the cysts were partially calcified and filled with necrotic parasite tissue. In the CE group, each patient harbored 1 large, thick-walled liver cyst. The cyst walls were composed of an inner thin germinal layer, a thick laminated layer, and a fibrous layer. Two cysts contained protoscoleces, and 1 was sterile.
Serological analysis of patients. Serum samples obtained from all 9 patients with echinococcosis contained anti-Echinococcus antibodies, as shown by results of IHA testing, with titers ranging from 1:100 to 1:6400, whereas control serum samples were negative at a dilution of 1:100. Serum samples from 5 of 6 patients in the AE group were positive for these antibodies, as revealed by results of Em2 plus -ELISA, whereas serum samples from the 3 patients in the CE group and all control serum samples were negative. Results of Western blotting revealed that the same 5 serum samples from the AE group were also positive for anti-Echinococcus antibodies. The liver biopsy specimens from the seronegative patient (patient 1) clearly contained E. multilocularis metacestodes, as shown by results of histological, PCR, and sequencing analyses (table 2) . Molecular diagnosis of Echinococcus specimens. PCR of DNA of liver biopsy specimens from patients in the AE group with the primer sets EmTriple83 and EmCA90 amplified microsatellite loci in 5 of 6 cases. The amplification yielded a band with the expected size of 90 bp ( figure 1, arrow) , corresponding exactly to the size obtained with DNA of adult E. multilocularis ( figure 1A and 1B and table 2) . PCR of DNA from the sixth patient in the AE group (patient 4) was negative, despite the fact that 6 individual templates were subjected to PCR and that the histological picture and the serological data indicated an E. multilocularis infection. Amplification of DNA from lesions of the CE patients and of the human control DNA did not yield products of 90 bp ( figure 1A and 1B and table 2) .
PCR of DNA of liver biopsy specimens obtained from all patients with the cestode specific primer set 60/375 yielded a band of the expected size of 373 bp (data not shown). Sequencing revealed that the DNA from all 6 patients in the AE group corresponded exactly to the E. multilocularis 12 S rDNA sequence [12] , which showed that these patients truly harbored E. multilocularis, and that amplified DNA from the 3 patients in the CE group corresponded to the 12S rDNA sequence of E. granulosus [12] . 
DISCUSSION
The present study provides clear evidence for the existence of human AE in Poland. Specimens from cases classified as AE on the basis of imaging studies, histological, and serological analysis were shown to contain E. multilocularis DNA by 1 or 2 independent techniques. As morphological and serological techniques cannot unequivocally distinguish between infections with E. multilocularis and the sympatrically occurring E. granulosus, DNA analysis was required to exclude the possibility that atypical forms of E. granulosus were mistaken for E. multilocularis. This finding supports earlier descriptions of human AE in Poland. The earliest reports of AE in Poland date from 1951 [6] and 1958 [7] . In the years 1994-1999 (i.e., after a gap of 136 years), 13 cases of human AE were registered, most of which occurred in the northeastern part of Poland, and 9 new cases have been diagnosed since 1999 [10; P.M., unpublished data].
Our data show that a thorough characterization of echinococcosis should combine several methods. Negative results of serological tests, such as those for patient 1, have been reported in 5%-10% of AE cases [13] [14] [15] . In such situations, DNA analysis is a useful complement. In other cases, it is difficult to detect DNA because the parasite is dying or dead, although serological responses are still present [15] . This was the case for patient 4, whose samples probably contained only a minimal amount of parasite DNA that was not amplified by EmCA90 and EmTriple83 but was detected by the more robust amplification of 12S rDNA with primers 60/375. It is possible that this difference in sensitivity is due to the high copy number of mitochondrial DNA, compared with that of microsatellite sequences. However, it cannot be excluded that target sequences of the microsatellite DNA primers in the parasites recovered from patient 4 have mutations that make a PCR reaction impossible. Our study shows that microsatellite sequences can be suitable for the differentiation of species, although these markers are commonly used for the detection of individual genetic polymorphisms within one species.
This molecular confirmation of human AE in Poland complements the complex epidemiological picture of E. multilocularis infections in Europe. Studies during the previous 2 decades revealed that E. multilocularis infection of foxes occurs in a much larger geographic area than previously known [2, 3] . Besides the well-described areas in central Europe in which E. multilocularis has historically been endemic, new areas of endemicity have been described, mainly in northern Germany and in Poland, as well as in Austria and the Czech Republic [2] . It cannot be excluded that E. multilocularis has existed in these regions for a long duration and that the tiny tapeworm of foxes might have escaped the attention of parasitologists in areas where hardly any human cases occurred [16] . Alternatively, the emergence of the parasite in this region could be due to a recent spreading of the parasite into new areas, or it could reflect an increase in its prevalence among foxes. In this situation, a gradual increase in the number of human AE cases would be conceivable following an incubation period of up to 15 years or even longer [15] . Thus, it will be of utmost importance to closely follow the development of the epidemiological situation to initiate control measures if necessary. The sympatric occurrence of E. multilocularis and E. granulosus makes it necessary to distinguish these species as precisely as possible, and DNA analysis of specimens with the techniques described here will yield such precise information.
